In the southwestern Goiás State, the rocks of the Goiás Magmatic Arc present mineral assemblages typical of the amphibolite facies. Thermobarometric calculations show that P and T conditions for associations involving amphibole + biotite + kyanite + staurolite + garnet + plagioclase + muscovite, biotite + garnet + plagioclase + muscovite, amphibole + biotite + garnet + plagioclase, belong to the middle amphibolite facies in the staurolite-kyanite field, reaching temperatures and pressure higher than 600ºC and 7 kbar, respectively. The P-T path is clockwise and the values obtained by thermobarometric calculations are interpreted as a retrometamorphic reequilibrium in the amphibolite facies.
INTRODUCTION
The Brasília Belt is an orogenic belt that records a complete Wilson Cycle, including pataformal metasedimentary sequences of passive margin and deep marine sequences (as in Barbosa et al. 1970 , Marini et al. 1984a e 1984b , Fuck et al. 1993 , Dardenne 2000 , Valeriano et al. 2004 , metasedimentary sequences of fore arc type (Navarro et al. 2012) ; alpine-type metamafic/metaultramafic rocks, recognized as an ophiolitic mélange (as in Drake Jr. 1980, Nilson 1984 , Brod et al. 1991 , Strieder & Nilson 1992 , and magmatic arcs (Pimentel & Fuck 1991 e 1992 , Fuck et al. 1993 , Pimentel et al. 2000a e 2004 , Dardenne 2000 , probably descendant of the consumption of the oceanic and São Franciscana plates.
It is possible to summarize the metamorphism in the Brasília Belt as a variation from greenschist facies to amphibolite facies, reaching granulite or eclogite facies in Goiás and Minas Gerais (Zanardo et al. 1990 e 1996 , Zanardo 1992 , Del Lama et al. 1994 , Winge 1995 , Campos Neto & Caby 1999 e 2000 , Moraes et al. 2002 , Navarro et al. 2009 , 2011 . The oscillation of the metamorphic assemblages indicates the inversion of the metamorphism in some regions (Oliveira et al. 1983 , Simões et al. 1988 , Simões 1995 , Luvizotto 2003 , and that it reached its peak during Neoproterozoic (Fischel et al. 1998 , Piuzana et al. 2003 . There are few detailed works about the metamorphism in the southwestern region of the Brasília Belt. Thus, the present work intended to contribute for the characterization of the metamorphic Brazilian Journal of Geology, 43(2): 301-315, June 2013 conditions of Goiás Magmatic Arc in the Pontalina region, southwest of Goiás State.
LOCAL GEOLOGY
The investigated area is situated in the meridional portion of the Brasília Belt, nearby Pontalina city, in the limit between metasediments of the Internal Domain in the Brasília Belt, on the east, and the sequence of supracrustal rocks (Anicuns-Itaberaí Metavolcanossedimentary Sequence), on the west (Fig. 1) . In this area, the Goiás Magmatic Arc is grouped by the informal name of Gneissic-Metasedimentary Terranes, which Navarro & Zanardo (2007a) subdivided into (a) Gneissic Unit and (b) Metasedimentary Unit (Fig. 2) .
The Gneissic Unit consists of a belt of several types of gneisses that includes muscovite gneisses, biotite-muscovite gneisses, hornblende gneisses, hornblende-biotite gneisses with or without porphyritic texture, usually quartzose and epidote-rich. They exhibit varying mylonitization degrees, predominating terms containing biotite and muscovite. Chemically, these gneisses are calcic to calc-alkaline in composition, metaluminous to peraluminous, low in alkalis, with Ba-, Sr-, K-and Rb-enrichment in relation to Nb, Y, Zr and ETR, and present negative anomalies of Ti e Nb, similar to the composition of magmas generated in magmatic arcs (Navarro & Zanardo 2007a Nd between 0.512173 -0.512600 (Navarro & Zanardo 2007a) .
The Metasedimentary Unit contains pelitic to psamo-pelitic metasedimentary rocks (muscovite schist, muscovite-quartz schist, quartzite, ferruginous quartzite etc.) intercalated by quartz gneisses (muscovite gneisses, biotite-muscovite gneisses, usually with strong muscovitization and epidoto-rich). These are orto-or paraderivated, mainly peraluminous in composition, with calc-alkaline affinity and normative granitic mineralogy, exhibiting wide variation in the content of major and trace elements, with relatively low to moderate Y and Nb content, and high Ba, Sr and Rb content, which are related to an island arc environment, probably being inserted in the same geological context of the Gneissic Unit (Navarro & Zanardo 2007b) .
Metamafic rocks (amphibolites, garnet amphibolite, garnet-amphibole schist and amphibole schist) occur as lenses of decimetric to decametric thickness and metric to hectometric extents, oriented in the direction of the banding of the host rocks, in both units, being less frequent in the Metasedimentary Unit. These are ortoderivated rocks and have chemical composition of basic rocks, predominating compositions of sub-alkaline basalts and andesitic basalts; they also present tholeiític affinity, subalkaline to alkaline, with geochemical characteristics similar to oceanic basalts, especially the E-MORB type and arc basalts (Navarro & Zanardo 2006; (Navarro & Zanardo 2006; ). Both sequences contain metaultramafic rock bodies (chlorite schist, talc schist and less often serpentinites), and the most important is the constituent of the Morro Dois Irmãos (Gneissic Unit).
A well-developed foliation is the main structure, usually parallel to the compositional banding. This Sn foliation is characterized by oriented crystals of phyllossilicates, elongated quartz, epidote, hornblende, opaque minerals constituting trails and polycrystalline aggregates in lenticular or fusiform shapes. This fabric defines schistosity, in various development degrees, reaching sometimes blastomylonitic features. Locally, there is a well-developed schistosity, named as Sn-1 foliation, parallel to a milimetric to metric compositional banding, constituted of variations between lepidoblastic and granoblastic portions, and by a centimetric to metric intercalation of several litotypes. This schistosity Sn-1 was folded and transposed by the main foliation (Sn). The Sn foliation is oriented in N-S to NNW/ SSE direction and has a NW dip with low to moderate angle (Sn = 290/26). In the northern region, this foliation is oriented roughly in the E-W direction, with a low to moderate dip angle to SW (Sn = 214/17). In association with Sn, a mineral and/or stretching lineation is recognized, in E-W direction (256/09) and low dip to W. Cinematic indicators suggest direction of transport from W to E.
Metamorphism
The rocks described in the investigated area were affected by a single metamorphic event, in which later parageneses and mineral assemblages typically belong to the amphibolite facies, and the earlier ones belong to greenschist facies, being generated in the last stages of retrometamorphism. Metamorphic peak (M1) occurred in amphibolite facies conditions and is emphasized by amphibole + plagioclase and garnet + amphibole + plagioclase associations, with rutile and ilmenite as the main associated oxides (in metamafic rocks). Except for a single sample of metamafic rock with a plagioclase + clinopyroxene + garnet + quartz + ortopyroxene + rutile + ilmenite association that represents granulite facies paragenesis, there are no petrographic, textural or mineralogical evidences that this region reached transition between amphibolite and granulite facies. This sample has an anomalous assemblage (granulite facies) when compared to the other rocks recognized in this region, and it is not inserted in the regional metamorphic context, probably corresponding to a tectonic enclave of another geological unit (Navarro et al. 2011) . Thermobarometric calculation shows P and T conditions for amphibole + plagioclase and plagioclase + garnet + amphibole, in metamafic rocks, in middle to upper amphibolite facies, in kyanite stability field, and that it reached temperatures slightly above 700°C, not exceeding 775°C, at moderate pressure (~10 kbar) (Navarro et al. 2011 ).
In the gneisses, amphibolite facies conditions are expressed by the presence of plagioclase (oligoclase-andesine) + potassic feldspar (ortoclase and microcline) + biotite, plagioclase + biotite + hornblende, locally associated with garnet and rutile, and the presence of muscovite. Thus, in some greatly aluminous types, muscovite also shows stability in the metamorphic peak. This assemblage indicates that the minimum temperatures were about 600 to 750°C (kyanite-staurolite stability field) in a pressure regime compatible with or greater than barrowian. The presence of gneissified mobilized quartz-plagioclase indicates minimum temperature above 650°C at the metamorphic peak.
Greenschist facies retrometamorphism is characterized by the presence of minerals reequilibrated or neoformed in amphibolite to greenschist facies, involving the transformation of garnet and amphibole to biotite and chlorite; formation of ilmenite and titanite; appearance of epidote, albite and white micas, interstitially and above the plagioclase; clear albite coronas at the rims of saussuritized plagioclase; formation of actinolite along the rim of hornblende; sericitization of kyanite and staurolite, and serpentinization of olivine. Lower-grade retrometamorphic associations are interpreted as a record of the reequilibrium during exhumation by erosion and cooling, which started in the late stages of the deformation phase that generated the main foliation (Sn) and followed late deformation (post-Dn). Retrometamorphic transformations, catalyzed by fluid circulation during later stages in the development of main foliation, are observed with higher or lower intensities on rocks, especially in the Metasedimentary Unit, in which saussuritization of plagioclases is frequent, besides formation of yellow-green epidote, as euhedral to anhedral crystals, scattered or constituting trails and veinlets, accordant or not with the banding or foliation, and muscovite forming relatively wide crystals (2 -3 mm), often without preferred orientation, inside plagioclase crystals or interstitially to minerals as plagioclase, potassic feldspar, amphibole, among others.
MINERAL CHEMISTRY
Minerals that define paragenesis at the metamorphic peak were analyzed on Electron Microprobe Laboratory at Geoscience Institute of Universidade de São Paulo (USP), using CAMECA SX50, under conditions of 20 kV e 25 nA. The analysis was executed with an electron bean ranging from 1 to 5 µ, and the ionic microprobe was calibrated with natural patterns with known concentrations. Location of the five sampling points is represented on Fig. 2 . Two to five grains were analyzed for each section, from two to three different domains, with analysis of cores and rims. In the garnet grains, there were executed, in compositional line traverses, 10 to 20 analyses each. Table 1 summarizes the observed mineral associations that were utilized for calculating the P-T conditions.
Amphibole
Chemical analyses of amphibole crystals from sample MA-3-37 are shown in Tab. 2 and indicate a variation from magnesiohastingsite to ferropargasite (Fig. 3) , in which chemical zonation is not present. They exhibit Ti of 0.003 to 0.054 atoms per formulae unit (a.p.f.u.), 1.816 -2.024 a.p.f.u. of Al IV and 1.074 -1.253 a.p.f.u. of Al VI . Na and K content is low, varying respectively from 0.621 to 0.732 and 0.064 -0.081 a.p.f.u., and Ca ranges from 1.589 to 1.687 a.p.f.u.; Na (M4) content is also low (0.184 -0.304 a.p.f.u.). In sample PO-101, amphibole crystals present two distinct compositions (Tab. 2 and Fig. 3 ). The rims of the crystal show composition of tschermakite, with Ti of 0.01 a.p.f.u., Al IV from 0.12 to 1.37 a.p.f.u. and Al VI from 0.07 to 0.86 a.p.f.u., while the cores exhibit a cummingtonite composition, with Ti from 0.01 to 0.06 a.p.f.u., Al IV from 1.37 to 1.78 a.p.f.u. and Al VI from 0.86 to 1.07 a.p. f.u. In tschermakite, Na content varies between 0.224 and 0.556 a.p.f.u., K varies from 0.01 to 0.051 a.p.f.u. and Ca ranges between 1.441 -1.909 a.p.f.u.; Na (M4) content is low (0.0490 -0.22 a.p.f.u.). , and X Mg between 0,441 and 0.652, plotting on the eastonite field (Fig. 4) . The sample PO-163 is enriched in X Fe (ranging from 0.542 to 0.559) and the crystals are classified as siderophyllite.
Staurolite
Staurolite crystals were found in a single section (sample MA-3-37), as inclusions on garnet porphyroblasts and on the matrix. Staurolite crystals that occur on the matrix show X Mg content ranging between 0.01 and 0.25, and compositional zoning is not detected. Ti and Mg contentes are low, ranging respectively between 0.090 and 0.213 and 0.003 to 0.041 a.p.f.u. (Tab. 4). Staurolite crystals included in garnet porphyroblasts present composition similar to the one observed on the matrix. Some analyses differ only in the Si content, being in most cases higher than the crystals found in the matrix (Tab. 4).
Garnet
Representative analyses of garnet grains from sample MA-3-37 are shown on Tab. 5. Samples PO-101 and PO-163 contain almandine-rich garnet crystals, followed by spessartine, pyrope and fewer grossular. On samples Figure 3 . Classification diagram for amphiboles (Leake et al. 1997) .
Brazilian Journal of Geology, 43(2): 301-315, June 2013 MA-3-37 and PO-130, pyrope content is higher than spessartine content. On sample PO-101, the garnet grains composition shows dominance of almandine and spessartine. The profile indicates a discrete zonation, with an increase of Fe and Ca (alm N58.2→B59.25 and grs N9.84→B10.46 ) and decrease of Mn and Mg (sps N19.08→B18.4 and prp N12.86→B12.4 ) from core to rim (Fig. 5A ). Grains in sample PO-153 show increasing Fe from cores to rims (alm N60.6→B66.0 ) and decreasing Mn (sps N20.6→B15.1 ). Mg content in crystals of this sample has little variation from core to rim (prp N14.7→B13.6 ). Grossular content shows weak compositional banding on the core, suffering a slight decrease (grs N4.1→0.2 ), followed by an increase toward the rims (grs B3.2→4.0 ) (Fig. 5B) .
Sample PO-163 presents the garnet porphyroblasts with dominant composition of almandine, followed by spessartine, pyrope and grossular. It exhibits a chemical Formula proportions based on 11 oxygen atoms; n: core and b: rim zonation marked by decreasing on Fe content from core towards the rim (alm N69.6-70.6→B54.0-63.0 ). Mg content slightly increases on core towards the rim followed by decrease on the rim (prp N9.30-10.2→B4.9-8.7 ). Mn decreases on the core (sps N16.1→14.2 ) and increases towards the rim (sps B23.7 ), followed by decrease along the rim (sps B14.8 ) (Fig. 5C ). On sample MA-3-37, Fe shows little compositional variance when comparing core and rims (alm 67.0→66.1 ). Mn content also shows little variance from core towards the rim (sps N11.6-12.5→B12.2 ), followed by abrupt decrease along the rim (sps 7.0-7.6 ). The Mg content decreases from the core to the rim (prp N16.5-17.2→B13.9 ) (Fig. 5D ). In PO-130 sample, composition of garnet crystals has predominance of almandine, followed by pyrope, spessartine and grossular. Profile shows a slight depletion followed by enrichment of Fe (alm N70.0→B75.8 ) and Mg (prp N14.3→B17.3 ) from core to rim. Ca shows slight enrichment from core to rims followed by depletion along the rims (grs N3.4-6.8→B4.3 ) and a decrease in Mn from core to rim (sps N11.79→B4.3 ) (Fig. 5E ). 
Muscovite

Plagioclase
Plagioclase grains from samples PO-101, PO-153 and PO-163 present homogeneous chemical composition (Tab. 7), with predominant constitution of oligoclase ( Fig. 6 ) with values between an 12.04→21.7 , without apparent compositional variance when comparing the grains from the core to the rims. Analyzed crystals on the samples MA-3-37 and PO-130 exhibit compositional variance between oligoclase and andesine (an 22.0→33.9 ), without showing concentric chemical zonation, with domains of different compositions on the crystals (Tab. 7 and Fig. 6 ). Feldspar grains included in *Staurolite crystals included in garnet porphyroblasts.**Staurolite crystals on the matrix. Formula proportions based on 46 oxygen atoms; n: core and b: rim staurolite porphyroblasts (sample MA-3-37) show composition similar to feldspar crystals from the matrix, varying between compositional fields of oligoclase and andesine (Tab. 7 and Fig. 6 ).
METAMORPHISM AND THERMOBAROMETRY
The calculations of metamorphic P-T conditions were obtained with THERMOCALC software (Powell & Holland 1994) , using composition next to the rims of garnet grains and the most representative ones for other minerals. Obtained results are displayed on Tab. 8.
At Pontalina region, calculated temperature and pressure for gneiss samples ranges from 580 ± 33°C to 628 ± 17°C and 6.7 ± 0.8 kbar to 8.6 ± 0.6 kbar, respectively, compatible with amphibolite facies in kyanite-staurolite field.
Petrographic analysis of sample MA-3-37 shows staurolite inclusions in the core of garnet crystal and kyanite inclusions on the rims, evidencing progressive metamorphism by appearance of staurolite followed by kyanite (Fig. 7A) . On the other hand, presence of subhedral to anhedral staurolite crystals on the matrix, with better external contours than kyanite (Fig. 7B) , suggests a new growth phase of staurolite, now posterior to kyanite, evidencing regressive metamorphism, sin-kinematic, in accordance with acquired thermobarometric data, and interpreted Alm: almandine; Prp: pyrorpe; Sps: spessartine; Grs: grossular; Adr: andradite; Uvt: uvarovite; Formula proportions based on 12 oxygen atoms; n: core and b: rim based on petrographic analysis of other samples. This fact is attested by data displayed in Fig. 8 , which also suggest a clockwise trajectory for metamorphic evolution of the rocks on this region. Calculated P-T conditions for these samples are lower than calculated thermobarometric data for amphibole + plagioclase and plagioclase + garnet + amphibole assemblages in metamafic/metabasic rocks, which indicate metamorphic peak at intermediate to high amphibolite facies, reaching temperatures from 700 to 775°C, in intermediate pressure conditions (~10 kbar) (Navarro et al. 2011) . Under these conditions, metamorphic features on metamafic/metabasic rocks are likely to represent regional metamorphic peak, and that mineralogical associations registered on these rocks represent a retrometamorphic equilibrium, also in amphibolite facies, but under milder conditions. This difference can be explained based on strain (schistification) more pronounced on analyzed rocks Cr 2 O 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.99 6.97 7.01 7.02 6.97 6.98 6.94 6.92 7.00 7.02 6.98 7.02 6.98 7.02 7.01 6.99 than on the metabasic rocks, due to rheological differences, fact that would have destroyed the rebalancing of greater degrees in gneissic rocks and metasedimentary rocks, and only partially on amphibolitic rocks. Thus, thermobarometric data acquired on this work reinforce considerations conducted by Navarro et al. (2011) , that suggest the existence of a regional metamorphic peak (termed M1), observed on metamafic/ metabasic rocks, from intermediate to high amphibolite facies, on kyanite stability field, and that temperatures around 580 -628°C and pressures of 6.68 -8.6 kbar represent a tectonic-metamorphic rebalancing (M2) of regional expression, on amphibolite facies, staurolite-kyanite field (Fig. 8) . Furthermore, in metaultramafic rocks, pseudomorphs and vestiges of olivine are rarely observed, with fabrics suggesting metamorphic reequilibrium in amphibolite facies, and usually the recognized paragenesis and associations are composed of chlorite, serpentine, talc, magnetite and carbonate. Major crystals of chlorite and talc, especially when exhibiting crystallographic orientation, may be generated in retrometamorphic conditions on amphibolite facies, but textural features of the association constituted by serpentine, carbonate, talc, chlorite and magnetite are consistent with greenschist facies, with temperatures below 500°C, when compared with changes that occurred in the host rocks.
Minerals associated to parageneses at metamorphic peak mark the main foliation. Inclusions observed in garnet porphyroblasts draw shapes that suggest rotation, without showing continuity with the external foliation, which indicates that they grew in earlier or initial stages of the main ductile deformational phase (Dn). Retrometamorphism is Formula proportions based on 11 oxygen atoms; n: core and b: rim marked by growth of large muscovite crystals, arranged in aleatory distribution on/above the main foliation, and also by plagioclase saussuritization, kyanite muscovitization and chlorite formation on biotite and garnet, sometimes substituting a significant part of grains. These associations reveal variations in metamorphic conditions from amphibolite facies to an intermediate to upper greenschist facies. Retrometamorphism results of mineral equilibrium sin-to tardi-Dn, since minerals formed in this phase are strained and partially oriented. 
CONCLUSIONS
The oldest mineral assemblages found in gneissic and metasedimentary rocks from Goiás Magmatic Arc, Pontalina region, which are associated to a metamorphic peak, typically represent amphibolite facies, in kyanite-staurolite field. Thermobarometric calculations obtained for these associations resulted in temperatures of 580 -628°C and pressures between 6.68 -8.6 kbar. Petrographic analyses show that reaching of apparent metamorphic peak occurred during formation of the main foliation, meaning it is correlated to deformational phase Dn (regional). These calculated metamorphic conditions, when compared with the ones obtained for the intercalated metamafic/metabasic rocks, show that this is not a regional metamorphic peak, being interpreted as a metamorphic rebalancing (M2) on amphibolite facies, kyanite-staurolite field. Metamorphic peak (M1) would only be preserved in metamafic/metabasic rocks, when compared with the acid terms, assumption sustained by field and petrographic observations. In these rocks, thermobarometric calculations result in temperatures between 700 -775°C and pressures about 10 kbar. Conjugate analyses of data obtained from quartz-feldspar gneissic rocks, metasedimentary and metabasic rocks show that P-T path is clockwise, such as observed in other regions of Brasília Belt. 
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